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(54) Tide: APPARATUS AND METHOD FOR IMAGE GUIDED SURGERY 
(57) Abstract 



Apparatus and methods are disclosed for use with an image 
guided surgical system for displaying anatomical landmarks 
in registration with appropriate x-ray images of the portion 
of the anatomy being operated upon. The image guided 
system computer is used to generate the desired landmarks 
from landmark positions inputted by conventional input devices 
or by a tracked surgical probe using additional instructions 
provided to the computer memory. Icons are generated and 
displayed using the additional instructions for indicating the 
position and orientation of tracked surgical instrucments relative 
to the landmark and/or an anatomy location referenced to the 
landmark. 
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APPARATUS AND METHOD FOR IMAGE GUIDED SURGERY 

RELATED APPLICATIONS 

This disclosure is related to U.S. Patent Application No. 09/274,972 of 
5 David A. Simon, Kevin Foley, and Kurt R. Smith, filed March 23, 1999, 

entitled "Navigational Guidance Via Computer-Assisted Fluoroscopic 
Imaging." 

BACKGROUND 

Field of the Invention : 

10 The present invention is directed generally to image guided surgery 

and, more particularly, to apparatus and methods of using image guided 
surgery for landmark-dependent surgical procedures, such as interbody 
fusion device placement. 
Description of the Related Art : 

15 Many surgical procedures require the surgeon to establish with some 

accuracy a "landmark" on the patients anatomy as a point of reference for 
aspects of the procedure. This is particularly the case, for example, in spinal 
surgery requiring the implantation of interbody fusion devices, including cage- 
type and bone dowel-type devices, where the desired implantation location is 

20 referenced to a hypothetical plane oriented with respect to the spinal column, 

termed the "midline plane." The surgeon typically will use this plane as a 
reference for the implantation location of the fusion device, and the 
manufacturers of these devices often specify the preferred implantation 
locations with reference to this landmark or figure. 

25 Current practice for interbody fusion device placement involves 

determining a midline plane of the vertebral column by taking multiple 
fluoroscopic images. Once this is determined, a midline is marked with an ink 
pen or equivalent directly on the vertebral body and/or disc of the patient and 
is used by the surgeon to determine the "offset," that is, the position to the 

30 right or left of the midline on which the interbody fusion device will be 

centered. This is usually accomplished by placing instruments, which have 
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It is yet another object to utilize, and enhance the capabilities of, image 
guided surgical systems such as are described in the afore-mentioned related 
application, for interbody fusion device placement. 

In accordance with the present invention, as embodied and broadly 

5 described herein, an apparatus is provided for use with an image-based 

surgical system to display anatomical landmarks superimposed on an image 
of the anatomy to be operated upon. The image-based system includes a 
computer processor, a display device coupled to the processor, and a 
memory associated with the processor and having stored computer 

10 instructions that when executed cause the processor to display on the display 

device an image corresponding to anatomy on which a surgical procedure is 
to be performed. The apparatus includes an interface with the image-based 
system processor for inputting one or more anatomical landmark positions. 
The apparatus further includes additional computer instructions stored in a 

15 storage device accessible by the processor. The additional instructions when 

executed cause the processor to generate and display on the display device 
in registration with the displayed image, an anatomical landmark 
corresponding to the one or more anatomical landmark positions. The 
interface can be selected from a keyboard, a mouse, or a light pen. Where 

20 the surgical system is an image guided surgical system, the interface includes 

a trackable surgical probe. Also, where the surgical system is an image 
guided surgical system having one or more trackable instruments, the 
additional instructions include instructions that, when executed, cause the 
processor to generate and display an icon indicating the relative position and 

25 orientation of a tracked instrument relative to the anatomical landmark or to a 

location referenced to the landmark. The processor can also overlay iconic 
representations of the instruments on the displayed image and landmark. 

Further in accordance with the present invention, as embodied and 
broadly described herein, the apparatus for an interbody fusion device 

30 placement surgical procedure uses an image guided surgical system 

including a computer processor, a display device coupled to the processor, 
and a memory associated with the processor and having stored computer 

3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate several embodiments consistent with this 
invention and, together with the description, help explain the principles of the 
5 invention. In the drawings, 

Fig. 1 is a diagram of apparatus in accordance with the present 
invention in use with an image guided surgery system; 

Figs. 2A and 2B are schematic x-ray images illustrating true and 
distorted images, respectively; 
10 Figs. 3A and 3B illustrate a projective transformation in a fluoroscopic 

C-arm imager; 

Fig. 4 is a flow chart illustrating methods for performing two- 
dimensional navigational guidance using the imaging system; 

Figs. 5A and 5B are exemplary fluoroscopic x-ray images illustrating 
1 5 the iconic graphical overlay of a surgical instrument; 

Fig. 6 is a fluoroscopic image including a "cross hair" graphical overlay 
of an instrument; 

Figs. 7A-7C illustrate images of complementary views and an axis that 
relates them; 

20 Fig. 8 is an image of a lateral view of a patient's vertebral disc; 

Fig. 9 is an image of a lateral view of a spinal vertebra; 
Fig. 10 is a diagram illustrating a system for specifying a planned 
trajectory of a surgical instrument; 

Fig. 11 is a flow chart illustrating a method for specifying a planned 
25 trajectory of a surgical instrument; 

Figs. 12A through 12C are images of a fracture of a femur containing 
two bone fragments; 

Fig. 13 is a flow chart illustrating methods for aligning bone fragments 
using the imaging system; 
30 Figs 14A and 14B are images illustrating implantation of an inter- 

vertebral case in the spine of a patient; 
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representing relative distance from the offset position; during the reaming, 
tapping, and interbody fusion device placement steps, and 

Fig. 35 is a flow chart of an interbody fusion device placement 
procedure using a method in accordance with the present invention. 

Reference will now be made in detail to embodiments of the invention, 
examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used throughout the drawings 
to refer to the same or like parts. 

DETAILED DESCRIPTION 

With initial reference to Fig. 1, there is shown schematically apparatus 
made in accordance with the present invention for image guided interbody 
fusion device placement and designated generally by the numeral 2000. 
Apparatus 2000 enables a surgeon using an image-based surgical system to 
generate and display on a monitor or other display device anatomical 
landmarks overlayed or superimposed in registration with the display of an 
acquired or preacquired image provided by the surgical system, of the portion 
of the patients* vertebral column on which the fusion body placement 
procedure is to be performed. Used in conjunction with an image guided 
surgery system that can provide real time indications of the positioning of 
"tracked" surgical instruments, apparatus 2000 also allows the surgeon to 
ppsition the instruments relative to the displayed landmark (in this case, a 
midline plane) or a location referenced to the midline (e.g., an offset position 
for fusion device placement surgery) as well as to the displayed true image. 
While the present invention to be described in more detail below is 
exemplified by a system used for interbody fusion device placement, it is not 
so limited: . 

IMAGE GUIDED SYSTEM OVERVIEW 

Apparatus 2000 is shown in Fig. 1 in use with a preferred image guided 
surgical system 100. System 100, to be described henceforth in sufficient 
detail to allow an understanding and appreciation of the present invention, is 
explained in greater detail in U.S. Patent Application No. 09/274,972 of David 
A. Simon et al., filed March 23, 1999 and entitled "Navigational Guidance Via 

7 
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Computer- Assisted Fluoroscopic Imaging," the entire disclosure of which is 
hereby incorporated by reference. However, it must be understood that the 
•nvention is not confined to use with this particular image guided surgical 
system. y 

Schematically shown in Fig. 1 is a diagram of an imaging-based 
system 100 used to acquire and display x-ray images appropriate for the 
»D»I Procedure, such as anterior-posterior ("A-P") and lateral images of a 
sprne section for an interbody fusing device placement procedure, .maging 
system 100 includes a fluoroscopic Can* x-ray imaging device 101 that 
further includes C-arm 103. x-ray source 104. x-ray receiving section 105 a 
cal.brat.on and tracking target 106. and radiation sensors 107. Calibration 
and tracking target 106 includes infrared reflectors (or alternatively infrared 
emrtters) 109 and calibration markers 111. System 100 includes C-arm 
control computer 115 which allows a physician to control the operation of 
.maging device 101. such as setting imaging parameters. 

One appropriate implementation of imaging device 101 is the "Series 
9600 Mobile Digita. Imaging System/from OEC Medical Systems. Inc.. of 
Salt Lake City. Utah, although calibration and tracking target 106 and 
rad.at.on sensors 107 are typically not included in the Series 9600 Mobile 
D-grta. Imaging System and may have to be added. The "Series 9600 Mobile 
D.g.ta. imaging System" is otherwise structural^ similar to imaging system 

In operation, x-ray source 104 generates x-rays that propagate through 

Receding section 105 generates an image representing the intensities of the 
receded x*ays. Typically, receiving section 105 comprises an image 
'^rthat converts the x-rays to visible light and a charge coupled device 
(CCD) vrdeo camera that converts the visible light to digita. images 
Receiving section 105 may also be a device that converts x-rays directly to 
d-grtal rmages. thus potentially avoiding distortion introduced by first 
converting to visible light. 
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Fluoroscopic images taken by imaging device 101 are transmitted to 
computer 1 1 5 where they may further be forwarded to computer 1 20. 
Computer 120 provides facilities for displaying (on monitor 121) saving, 
digitally manipulating, or printing a hard copy of the received images. Three- 
5 dimensional images, such as pre-acquired patient specific CT7MR data set 

124 or a, three-dimensional atlas data set 126 (described in more detail 
below) may also be manipulated by computer 120 and displayed by monitor 
121. Images, instead of or in addition to being displayed on monitor 121, may 
also be displayed to the physician through a heads-up-display. 
10 Although computers 1 1 5 and 120 are shown as two separate 

computers, they alternatively could be variously implemented as multiple 
computers or as a single computer that performs the functions performed by 
computers 115 and 120. In this case, the single computer would receive 
input from both C-arm imager 100 and tracking sensor 130. 
15 Radiation sensors 107 sense the presence of radiation, which is used 

to determine whether or not imaging device 100 is actively imaging. The 
result of their detection is transmitted to processing computer 120. 
Alternatively, a person may manually indicate when device 100 is actively 
imaging or this function can be built into x-ray source 104, x-ray receiving 
20 section 105, or control computer 115. 

In operation, the patient is positioned between the x-ray source 1 04 
and the x-ray receiving section 105. In response to an operator's command 
input to control computer 115, x-rays emanate from source 104 and pass 
through patient 1 1 0, calibration target 1 06, and into receiving section 1 05, 
25 which generates a two-dimensional image of the patient. 

Oarm 1 03 is capable of rotating relative to patient 1 1 0, allowing 
images of patient 110 to be taken from multiple directions. For example, the 
physician may rotate C-arm 103 ) in the direction of arrows 108 or about the 
long axis of the patient. Each of these directions of movement involves 
30 rotation about a mechanical axis of the C-arm. In this example, the long axis 

of the patient is aligned with the mechanical axis of the C-arm. 
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Because the true relative position of the calibration markers 111 in the 
recorded images are known, computer 120 is able to calculate an amount of 
distortion at each pixel in the image (where a pixel is a single point in the 
image). Accordingly, computer 120 can digitally compensate for the distortion 
in the image and generate a distortion-free, or at least a distortion improved 
image. While not preferred, distortion may be left in the image, and 
subsequent operations on the image, such as superimposing an iconic 
representation of a surgical instrument on the image (described in more detail 
below), may be distorted to match the image distortion determined by the 
calibration markers. The same calibration markers can also be used to 
estimate the geometric perspective transformation, since the position of these 
markers are known with respect to the tracking target emitters or reflectors 
109 and ultimately with respect to tracking sensor 130. A more detailed 
explanation of methods for performing intrinsic calibration is described in the 
> references B. Schuele et al. v "Correction of Image Intensifier Distortion for 

Three-Dimensional Reconstruction," presented at SPIE Medical Imaging 
1 995. San Diego, CA, 1 995 and G. Champleboux et al., "Accurate 
Calibration of Cameras and Range Imaging Sensors: the NPBS Method," 
Proceedings of the 1992 IEEE International Conference on Robotics and 
o Automation, Nice, France, May 1992, and U.S. Application Serial Number 

* 09/106,1 09, filed on June 29, 1 998 by the present assignee, the contents of 
which are hereby incorporated by reference. 

Calibration and tracking target 106 may be attached to x-ray receiving 
section 1 05 of the C-arm. Alternately, the target 1 06 can be mechanically 
25 independent of the C-arm, in which case it should be positioned such that the 

included calibration markers 1 1 1 are visible in each fluoroscopic image to be 
used in navigational guidance. Element 106 serves two functions. The first, 
as described above, is holding calibration markers 1 1 1 used in intrinsic 
calibration. The second function, which is described in more detail below, is 
3d holding infrared emitters or reflectors 109, which act as a tracking target for 

tracking sensor 1 30. Tracking sensor 1 30 is a real-time infrared tracking 
sensor linked to computer 120. Specially constructed surgical instruments 
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As discussed above, calibration and tracking target 106 also includes 
infrared emitters or reflectors 109 similar to those in instrument 140 or 
dynamic reference frame 150. Accordingly, tracking sensor 130 and 
computer 120 may determine the three-dimensional position of calibration 
target 106 relative to instrument 140 and/or dynamic reference frame 150 and 
thus the patient position. 

In general, the imaging system 100 shown in Fig. 1 assists physicians 
performing surgery by displaying real-time or pre-acquired images, such as 
fluoroscopic x-ray images, of patient 110 on display 121 . Representations of 
surgical instruments 140 are overlaid on pre-acquired fluoroscopic images of 
patient 110 based on the position of the instruments determined by tracking 
sensor 130. In this manner, the physician is able to see the location of the 
instrument relative to the patient's anatomy, without the need to acquire real- 
time fluoroscopic images, thus greatly reducing radiation exposure to the 
patient and to the surgical team. "Pre-acquired," as used herein, is not 
intended to imply any required minimum duration between receipt of the x-ray 
signals and displaying the corresponding image. Momentarily storing the 
corresponding digital signal in computer memory while displaying the 
fluoroscopic image constitutes preacquiring the image. 

Fig. 4 is a flow chart illustrating methods for performing two- 
dimensional navigational guidance using system 100 of Fig.- 1 . The physician 
begins by acquiring one or more fluoroscopic x-ray images of patient 110 
using imager 101 (step 400). As previously mentioned, acquiring an x-ray 
image triggers radiation sensors 107, which informs computer 120 of the 
beginning and end of the radiation cycle used to generate the image. For a 
fluoroscopic.x-ray image acquired with imager 101 to be useable for 
navigational guidance imager 101, when acquiring the image, should be 
stationary with respect to patient 110. If C-arm 103 or patient 110 is moving 
during image acquisition, the position of the fluoroscope will not be accurately 
determined relative to the patient's reference frame. Thus, it is important that 
the recorded position of imager 101 reflects the true position of the imager at 
the time of image acquisition. If imager 101 moves during the image 
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Figs. 5A and 5B are exemplary fluoroscopic x-ray images illustrating 
the iconic graphical overlay of a surgical instrument. Fluoroscopic image 500, 
shown in Fig. 5A, is an image of a lateral view of the lumbar spine. Graphical 
overlay 502 is the iconic overlay of a surgical instrument, such as a drill, 

5 within image 500. As the physician moves the drill, computer 120 

recalculates and displays the new location of graphical overlay 502. The 
diamond shaped end of overlay 502, labeled as area 503, represents the tip 
of the instrument. The physician can use image 500 and overlay 502 to 
visualize the position and orientation of the surgical tool relative to the 

10 patient's anatomy. 

In certain situations, the physician may wish to know where the tip of 
the instrument would be if the instrument were projected along a line given by 
the instrument's current trajectory. Using the system 100 at the physician's 
command, computer 120 may calculate and display this projection. Area 505 

15 in Fig. 5B is a projection of graphical overlay 502. As shown/ the "look- 

ahead" trajectory 505 of overlay 502 is displayed in a different line style than 
overiay 502. Computer 120 may vary the length of look-ahead trajectory 505 
as directed by the physician through a suitable computer interface device, 
such as a keypad, mouse, or touch pad. In this manner, computer 120 

20 assists the physician in visualizing where the instrument would be in the 

patient if it were advanced a predetermined distance in the patient. 

Although the "look-ahead" technique described above projected the 
graphical representation of the instrument into the image, there is no 
requirement that the instrument's graphical representation be in the space of 

25 the image for look-ahead trajectory 505 to be projected into the image. For 

example, the physician may be holding the instrument above the patient and 
outside the space of the image, so that the representation of the instrument 
does not appear in the image. However, it may still be desirable to project 
look-ahead portion 505 into the image to facilitate planning of a surgical 

30 procedure. 

When surgical instrument 140 is perpendicular to the plane of the 
fluoroscopic image, the graphical overlay of the surgical instrument essentially 
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collapses to a point, making it difficult to view. To a.leviate this problem 
computer 120 may optionally use a different graphical representation of' 
-nstrument 140 when the distance in the image plane between the tip and the 
ta.. of .nstrumen, 140 becomes smaller than a fixed distance (e.g.. 1 5 pixeis) 

F,g. 6 .s a fluoroscopic image including graphical overlay 601 of an 
.strument extending from a small "cross hair image." which represents tip 
602 and a larger cross hair, which represents tail 603 of the instrument 
Computer 120 automatically switches between the cross hair representation 
shown ,n Fig. 6 and the "straight line" representation shown in Fig 5 

Frequently, the physician would like to acquire two complementary 
fluoroscopic images of the patent, such as images from an antenor/postenor 
vewandalateralviewofthevertebraldisc, rhe complementary vL Z 

relatedtooneanotherbyarotationaboutanaxisbyaparticularamount For 
example, an anterior/posterior view is related to a lateral view by a 90 degree 
Ration around the axis running parallel through the length of the patient 
V^en the mechanica. axis of rotation of C-am, 103 is aligned with the axis 
re ating the complementary views (e.g.. when the mechanical axis is aligned 
wrth the axis running through the length of the patient), the physician can 
accurately and quickly switch between the complementary views by simply 
rotating C-arm 103 through the separation of the complementary views 
(usual* 90 degrees). Generally, however, the axis of rotation of C-arm 103 is 
not mherently aligned with the axis that relates the complementary views 
requrnng the physician to perform a series of time consuming tnal-and-enor 
based adjustments of the fluoroses position through two or more axes of 
rotation. 

In system 100 software on computer 120 allows the surgeon to easily 
adjust the fluoroscope's position so that one of its mechanica. rotation axes 
such as the axis of rotation shown by arrows 108 in Fig. 1. is aligned with the 
ax,s of rotation relating the complementary views. The surgeon may then 
acqurre the second image in the complementary image set simply by rotating 
C-arm 103 a certain amount, typical* 90 degrees, about the aligned axis 
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Images of complementary views and the axis that relates them are 
illustrated in Figs. 7A-7C. The image of Fig. 7A illustrates a lateral view of the 
patient's vertebral disc, in which the view direction (i.e., the direction of the 
central ray of fluoroscopic imager 101) is approximately parallel to the two 
vertebral end plates, labeled as endplate 705 and endplate 706. Line 702 is 
the projection of the plane substantially parallel to end plates 705 and 706. 
Similarly, the image shown in Fig. 7B is an anterior/posterior view of the 
patient's vertebral disc, in which the view direction is parallel to plane 702. 
The axis of rotation 704 that spatially relates the image view of Fig. 7 A and 
the image view of Fig. 7B is a line perpendicular to plane 702. That is, rotating 
the image view of Fig. 7A ninety degrees about the line perpendicular to 
plane 702 will result in the image view shown in Fig. 7B. Fig. 7C is a three- 
dimensional representation of the anatomy shown in Figs. 7A and 7B. The 
line perpendicular to plane 702 is shown by axis of rotation 704. 

Fig. 8 is an image of a lateral view of the patient's vertebral disc, similar 
to Fig. 7A. In Fig. 8, however, computer 120 has drawn line 802, which 
represents the projection of a plane that is perpendicular to one of the C- 
arm's mechanical axes. Line 804 represents the plane that spatially relates 
the complementary views. With line 802 visible, the physician may adjust the 
position of fluoroscopic imager 101 so that line 802 is lined up with line 804. 
At this point, switching between the complementary views simply involves 
rotating C-arm 103 about a single mechanical axis. 

Although the alignment of lines 802 and 804, as discussed above, was 
illustrated using both lines 802 and 804 drawn on the fluoroscopic image, in 
practice, it may only be necessary to display line 802 in the image. In this 
case, line 804 is mentally visualized by the physician. Additionally, although 
the relation of complimentary views was discussed using the example of the 
spine, complimentary fluoroscopic images of other anatomical regions, such 
as, for example, the pelvis, femur, or cranium, may similarly be obtained by 
application of the above discussed concepts. 

Before, or during, surgery, the physician may find it desirable to input 
an operation "plan" to computer 120. The plan may, for example, specify a 
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As shown in Fig. 10, during the acquisition of an image, patient 1001 is 
positioned between C-arm x-ray source 1004 and x-ray receiving section 
1006. Fluoroscopic images of patient 1001 are created by the x-rays emitted 
from x-ray source 1004 as they travel in the path generally outlined by cone 

5 1010 through patient 1001. Line 1011, in the center of cone 1010, 

corresponds to the origin (i.e., the center point) in the acquired fluoroscopic 
images. Physician 1020, standing within the range of tracking sensor 1030, 
but away from patient 1001 , commands the computer to create an explicit 
correspondence between the fluoroscope's imaging cone 1010 and a "virtual" 

10 cone 1012 at an arbitrary position in space (which is visible to the tracking 

sensor). Once this virtual cone has been defined, the surgical instrument 
1040 can be projected from this virtual cone into one or more pre-acquired 
fluoroscopic images in the same manner as if the instrument were located in 
the actual cone 1010 corresponding to a given image. In this manner, 

15 physician 1020 can plan the trajectory of surgical instrument 1040 by simply 

moving the instrument in the coordinate system established by the virtual 
cone. 

To define the correspondence between actual and virtual cones, it is 
necessary for the physician to define the position of the virtual cone relative to 

20 the tracking sensor. In general, there are many ways to define a cone in 

space. For example, the position and orientation of a cone can be defined by 
three points, one corresponding to "its apex, one corresponding to a second 
point along its central axis, and a third corresponding to the rotation of the 
cone about the central axis. Therefore, one way to define the cone would be 

25 to use the tip of the surgical instrument to define these three points in space 

relative to the tracking sensor. Another way to define this correspondence is 
to use a single measurement of a surgical instrument. Using this method, the 
axis of the instrument corresponds to the axis of the cone, the tip of the 
instrument corresponds to a fixed point along the axis of the cone (which 

30 could be the apex, but could also be another point along the central axis), and 

the orientation of the instrument about its axis corresponds to the orientation 
of the cone about its axis/ In general any set of measurements which define 
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To begin the alignment procedure, the physician places a tracking 
sensor marker on each of bone fragments 1201 and 1202 (step 1301) and 
acquires the fluoroscopic images, (step 1302), such as the image shown in 
Fig. 12A. Computer 120 processes the acquired image to obtain positional 
5 location information and to calibrate the image (step 1303, this step is 

identical to steps 401-403 in Fig. 4). 

After acquisition of the fluoroscopic image(s), computer 120 uses 
image detection and extraction techniques to delineate the boundaries of the 
bone fragments in the images (step 1304). Suitable edge detection 
10 algorithms for generating the contours are well known in the art, and may be, 

for example, the Canny edge detector, the Shen-Casten edge detector, or the 
Sobel edge detector. An edge detected version of Fig. 12A is shown in Fig. 
12B, in which the resulting contour corresponding to bone fragment 1201 is 
labeled as 1203 and the contour corresponding to bone fragment 1202 is 
15 labeled as 1204. Contours 1203 and 1204 may be, as shown in Fig. 12B, 

graphically superimposed by computer 120 on the acquired image(s). 

Overlaying the detected image contours on the fluoroscopic image 
allows the physician to easily identify the correspondence between image 
contours 1203 -1204 and bone fragments 1201-1202. The physician inputs 
20 this correspondence into computer 120 (step 1305). Alternatively, computer 

120 may automatically identify the correspondence between the image 
contours and the bone fragments. Once the correspondence is established, 
the physician specifies which contour is to remain fixed and which is to be 
repositioned. The tracking sensor marker attached to the fragment to be 
25 repositioned is referred to as the dynamic reference marker and the tracking 

sensor marker attached to the fixed fragment is referred to as the fixed 
reference frame marker, although physically the dynamic reference marker 
and the fixed reference frame marker may be identical. 

During surgical navigation, the physician moves the bone fragment 
30 having the dynamic reference marker (step 1306). Tracking sensor 130 

detects the position of the dynamic reference frame marker and the fixed 
frame marker. With this information and the previously generated positional 
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dimensional image and points in the patient's reference frame must be 
determined. This procedure is known as registration of the image. One 
method for performing image registration is described in the previously 
mentioned publications to Bucholz. Three-dimensional patient specific 
images can be registered to a patient on the operating room table (surgical 
space) using multiple two-dimensional image projections. This process, 
which is often referred to as 2D/3D registration, uses two spatial 
transformations that can be established. The first transformation is between 
the acquired fluoroscopic images and the three-dimensional image data set 
(e.g., CT or MR) corresponding to the same patient. The second 
transformation is between the coordinate system of the fluoroscopic images 
and an externally measurable reference system attached to the fluoroscopic 
imager. Once these transformations have been established, it is possible to 
directly relate surgical space to three-dimensional image space. 

When performing three-dimensional registration, as with two- 
dimensional registration, imager 101, when acquiring the image, should be 
stationary with respect to patient 110. If C -arm 103 or patient 1 10 is moving 
during image acquisition, the position of the fluoroscope will not be accurately 
determined relative to the patient's reference frame. Accordingly, the 
previously described technique for detecting movement of imager 101 during 
the image acquisition process , can be used when acquiring fluoroscopic 
images that are to be used in 2D/3D registration. That is, as described, 
computer 120 may examine the position information from tracking sensor 130 
while radiation sensors 107 are signaling radiation detection. If the calibration 
and tracking target 106 moves relative to dynamic reference frame 150 during 
image acquisition, this image is marked as erroneous. 

It may be necessary to acquire complementary fluoroscopic views 
(e.g., lateral and anterior/posterior) to facilitate 2D/3D registration. The 
techniques previously discussed in reference to Figs. 7-8 and relating to the 
acquisition of complementary views can be applied here. 
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cannot be reliably detected in x-ray images such as that of Fig. 14A. 
Accordingly, when faced with this situation, the appropriate cage length 
should be chosen based upon one or more axial CT images, such as that in 
Fig. 14B. Selection of the cage length can be performed automatically by 
computer 120 or semi-automatically with the input of the physician. 

Once the cage length has been determined by the physician and 
entered into computer 120, the length value can then be used by computer 
120 in properly displaying the graphical overlay in the associated two- 
dimensional image. The position of the surgical instrument used to hold the 
cage during the insertion process, as detected by tracking sensor 130, is used 
to calculate the position of the cage in Fig. 14A during the two-dimensional 
navigational process. 

Although the above discussed example was with a cylindrical spinal 
implant, in general, the described concepts could be applied to any surgical 
implant. 

Example 2 : Acquisition of an X-Ray View Down the Medial Axis of a 
Vertebral Pedicle 

In certain clinical procedures, it may be desirable to acquire a 
fluoroscopic x-ray image view looking substantially straight down the medial 
axis of a vertebral pedicle. For the purposes of this example, a vertebral 
pedicle can be thought of as a cylinder, and the medial axis corresponds to 
the central axis of the cylinder. 

Fig. 15A is an x-ray image in which the view direction of the imager is 
aligned with the medial axis of the pedicle (i.e., the medial axis of the pedicle 
is into the plane of the image). In this so-called "owl's eye" view, the pedicle 
appears as circle 1501 within the image. It is often difficult to precisely 
acquire this view using only fluoroscopic x-ray images, as it is difficult to align 
the view direction of imager 101 with the medial axis of the pedicle using only 
fluoroscopic images. 

Given an anterior/posterior fluoroscopic image view of the spine, such 
as the one shown in Fig. 15B, and given that the mechanical axis of the 
fluoroscope is aligned with the patient's long axis (i.e., axis 704 in Fig. 7C), an 
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axial CT cross section of a vertebra can be used ,o quiddy and easily acquire 
a mgh quality owl's eye view, such as the view of Fig. ISA. 

F «' 15c «a"i">ageofanaxialCTorosssectionofavenebra With 
n* tmage. computer 120 or the physician may measure an9te 1504 „ elween 

he ante^r/posterior axis 1502 and the project o, ,he media, axis 1 503 of 
ta p**. 1501 into the axia, plan*. The physician may then rotate image, 
101 by the measured angle abou! the mechanics, rotation axis that is aligned 
-h the pa^s long axis 704. Because most nuoroscopic image., suits 
™ager ,0,. have angle indicators. roMon by „ desired arTOU „, „ 
However « the physician requims additional accuracy ,„ „ rotation , " 
sensor ,30, because . detects me position ofCam, ,03, canbeusedte 
more precisely measure the rotation angle. 

Ixi»npje3: Use of Digitally Reconstructed Radiography in the 
Placement of a Surgical Implant M 

With conventional fluoroscopic x-ray image acquisition, radiation 
passes through a physical media to create a projection image on a radiation 
sensrt^e film or an electronic image intense. GK,en a 3D CT data set a 
s-muteted x-ray image can also be generated using a technique known as 
d.g.ta«.y reconstructed radiography (DRR). DRR is we,, known in the art and 
• described, for example, by L Lemieux et a... "A Patient-to-Computed-' 
Tomography Image Registration Method Based on DigitaHy Reconstructed 
Rad.ographs." Medical Physics 21 (11). pp 174 9-1760, November 1994 
When a DRR image is created, a fluoroscopic image is formed by 
computationally projecting volume elements (voxe.s) of the 3D CT data set 
onto a selected image plane. Using a 3D CT data set of a given patient, it is 
poss,b,e to create a DRR image that appears very similar to a corresponding 
x-ray ,mage of the same patient A requirement for this similarity is that the 
computational x-ray imager" and actual x-ray imager use similar intrinsic 
■magmg parameters (e.g., projection transformations, distortion correction) 
and extrinsic imaging parameters (e.g.. view direction). The intrinsic imaging 
parameters can be derived from the calibration process. 

A DRR image may be used to provide guidance to the surgeon in the 
Probtem discussed in Examp,e 1 of appropriately placing an inter-vertebra, 
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cage in the patient. Given a 3D CT data set of two adjacent vertebrae, the 
physician, interacting with computer 120, may manually position a 3D CAD 
model of an inter-vertebral cage in a clinically desired position in the three- 
dimensional view of the vertebrae. The physician may then use the DRR 

5 technique to synthesize an anterior/posterior, lateral, or other x-ray view of the 

vertebrae showing the three-dimensional CAD model of the inter-vertebral 
cage. Thus, a synthetic fluoroscopic x-ray image can be created which 
simulates what a properly placed cage would look like after implantation. 
The simulated x-ray images may be compared to the actual images 

10 taken by imager 101 during surgery. The goal of the surgeon is to position 

the implant such that the intra-operative images match the DRR images. For 
this comparison, two types of intra-operative images may preferably be used. 
First, conventional fluoroscopy could be used to acquire an image after the 
inter-vertebral cage has been implanted. Second, images acquired prior to 

15 cage placement could be supplemented with superimposed graphical icons 

representing the measured cage position. In either case, the synthetic 
fluoroscopic image can be used as a template to help guide the surgeon in 
properly placing the inter-vertebral cage. 

Although the above example was described in the context of implanting 

20 an intervertebral cage, implants other than the inter-vertebral cage could also 

be used. 

Example 4 : Obtaining a Particular Two-Dimensional View Direction 
Using Digitally Reconstructed Radiograph Images 

The DRR technique can be used to provide guidance to the physician 
25 when acquiring an owl's eye view of a vertebral pedicle. Given a three- 

dimensional CT data set containing a vertebra and associated pedicle, the 
physician may use computer 120 to manually locate a three-dimensional 
representation of the pedicle's medial axis relative to the three-dimensional 
images of the vertebrae. Once this placement has been achieved, it is 
30 possible to synthesize an owl's eye view of the vertebrae based upon the view 

direction specified by the physician's selection of the three-dimensional 
medial axis. This synthetic image can then be displayed to the surgeon 
during surgery and used to guide the acquisition of an actual owl's eye view 
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Although the above example was described in the context of 
synthesizing a two^imensional owl's eye view, in general, any three- 
d.mens,onal view direction can be selected and a corresponding twc- 
d,mensiona. image synthesized and used to acquire a fluoroscopic two- 
10 dimensional image. 

Examples: Measuring Ou,-Of- P , a „e Ang.es Based On Ruoroscopic 

It may be desirable to measure the angle between the trajectory of a 
surgical instrument and the p.ane of a fluoroscopic image (such as a plane 
ahgned with the midline of the spine 1502) during surgery using a pre- 
acqu.red fluoroscopic image. This is usefu.. as it is often desirable to position 
or ,mp.an, a surgical instrument at a certain ang.e re,ative to the plane of the 
fluoroscopic image. For example, the surgical instrument may need to be 
Wanted in the direction aligned with the medial axis of the pedicle 1503 
Considers vertebral cross section shown as an axial CT image in 
F.g. 15C. As described above, the angle 1504 between the anterior/posterior 
ax.s of the spine 1502 and the medial axis 1503 of the pedicle can be 
measured from this CT image. Aligning the surgica, instrument with the 
med.al ax,s can be accomplished by dynamically measuring the angle 
behveen the trajectory of the surgical instrument and the plane defined by the 
m,d-.,ne of the spine 1502. When the dynamically measured angle matches 
the angle pre-obtained from the CT image, the surgica. instrument is aligned 

F.gs. 16A and 16B are figures respectively illustrating an 
antenor/posterior fluoroscopic image of the spine and a corresponding three- 
dimensional view of the spine. In a manner to be discussed in more detai. 
below, the physician defines two points along the midline of the spine, such 
as the points 1601 drawn on the spinous processes in Fig. 16A (in non- 
pathologica. anatomy a spinous process typically defines the midline) 
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Computer 120 of system 100 uses these points to define a line 1602 in the 
image, or more precisely, the computer defines plane 1603 (shown in Fig. 
16B) to include the two points and the linear projections of these two points 
dictated by the calibration transformation. More intuitively, a first order 
approximation of plane 1603 can be thought of as the plane passing through 
the two points perpendicular to the image plane. 

Plane 1603 defines the midline of the spine in three-dimensional 
space. During navigational guidance, the equation of this plane can be 
expressed in the coordinate system of either the dynamic reference frame 
150 or the tracking sensor 130. 

Using the tracking sensor 130 to measure the position and orientation 
(i.e., the trajectory) of the instrument 140, computer 120 then mathematically 
projects this trajectory onto the plane 1603. This projection will define a line 
passing through plane 1603. The angle between this line in plane 1603 and 
the instrument trajectory corresponds to the angle to be measured. In other 
words, the angle to be measured corresponds to the minimum angle present 
between the trajectory of the instrument and the plane 1603. The angle to be 
measured can be calculated by computer 120 and displayed to the physician 
either in a textual or graphical format. 

In summary, as described in this example, a single fluoroscopic image 
can be used during surgery to position a surgical instrument at a desired 
trajectory relative to the plane of the fluoroscopic image. More generally, the 
methods described in this example relate to measuring the angle between the 
trajectory of a surgical instrument 140 and a plane (e.g. 1603) defined by two 
or more points (e.g., 1601) which have been manually or automatically 
selected in a fluoroscopic image. While the explanation uses a CT for clarity 
of the example, the measurement and display of the angle can be achieved 
without the use of any 3D image data. 

Although the above five examples used three-dimensional patient 
specific data and not atlas data, in certain situations, it may be possible to use 
a 2D/3D registration scheme that registers non-patient specific atlas data to 
patient specific fluoroscopic images using deformable registration methods 
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that do not preserve the rigidity of anatomical structure during the registration 
process. In this manner, the patient specific fluoroscopic images may be 
used to deform the atlas data to better correspond to the patient and thereby 
transfer aliased knowledge to the patient specific fluoroscopic images. 
Anatomical Landmark, Generation and Disp lay 
In accordance with the present invention, the apparatus includes an 
interface with the system computer processor for inputting one or more 
landmark positions to be used by the processor for generating and displaying 
the landmark. As embodied herein, and referring again to Fig. 1, the interface 
can memo, standard, separately provided input devices such as device 2010 
operatives connected to computer 120. Input device 2010 can comprise for 
example, a keyboard, a mouse, or a light pen. If the image guided system is 
already equipped with an input device, then the required interface can 
comprise suitable input instructions stored in the memory 2018 associated 
wrth computer 120 or in a separately provided, operatively connected memory 
dev.ce such as memory device 2026 shown in Fi g ; 1. Memory device 2026 
can be a tape, disk, or separate computer with associated memory 
Alternatively, or additionally, the required interface can include a trackable 
instrument such as touch-probe 2020 depicted schematically in Fig. 1 and 
shown in Fig. 19A. Probe 2020 includes LED array 2022 for tracking by 
sensor 130. By the surgeon physically touching the desired landmark 
positions on the patient's anatomy, apparatus 2000 can automatically 
determine the landmark positions in the desired coordinate reference frame 
through the data provided by sensor 130. Because image guided system 100 
can be configured to locate a specific point on probe 2020 (i.e.. the tip 2024). 
the requisite accuracy can be achieved. 

Further in accordance with the present invention, the apparatus also 
includes additional computer instructions stored in a storage device 
accessible by the image guided surgical system computer that, when 
executed, cause the computer processor to generate and display the 
anatomical landmark positions on the display device in registration with a 
displayed anatomical image, that is. in the same coordinate reference frame 
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as the image. As embodied herein, and with reference again to Fig. 1, 
apparatus 2000 includes appropriate additional computer instructions stored 
either in system memory 2018 or in separate storage device 2026. 

As discussed above, the additional computer instructions stored in 

5 computer memory 2018 (or in storage device 2026) cause the computer 120 

to generate and display the desired landmark, namely the midline "plane" 
2016 in Figs. 18B and 19B. The instructions also preferably include 
instructions for displaying icons or other representations of the actual inputted 
positions used to generate the displayed landmark, such as the iconic 

10 positions 2012 and 2014 shown in Fig. 18A. Also, the additional instructions 

can include instructions to store the inputted landmark positions, for example, 
in system memory 201 8 or storage device 2026, for future reference or record 
keeping. 

As discussed previously, the image guided surgery system 100 has the 

15 advantage of being able to track the various instruments (suitably equipped 

with LED emitter arrays) that may be required for a surgical procedure, and to 
generate and display on monitor 121, icons representing the instruments or 
parts thereof, ag^, the tip and tail portions, in registration with a displayed 
anatomical image. Thus, for an interbody fusion device implantation 

20 procedure, trackable instruments such as those shown in Figs. 20A-20E can 

... be used with system 100 to implant an interbody fusion device, such as fusion 
device 2032 shown mounted on implant inserter 2034 (Fig. 20E), in a manner 
to be discussed in more detail henceforth. 

Correct placement of the device 2032 requires the surgeon to locate 

25 the instruments relative to the midline plane 2016 so that a suitable cavity can 

be formed in the vertebral column a predetermined offset amount to the right 
or left. This offset distance is often specified by the manufacturer based on 
size, ag., diameter, of device 2032 but may be selected by the surgeon. 
Apparatus 2000 also allows the surgeon to input via an interface such as 

30 input device 2010 the desired offset or accept a default to manufacturer's 

offset values which can be stored in system memory 2018 (or storage device 
2026) together with appropriate instructions to calculate the offset position in 
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the coordinate system of the image. This allows tracked instruments to be 
located and appropriate iconic representations displayed relative not only to 
the landmark but also to the offset position location itself which is referenced 
to the landmark. 

In the present apparatus 2000, further computer instructions are 
prov,ded in system memory 2018 (or storage device 2026) to generate and 
d.sp.ay on monitor 121, a dual slider bar icon 2036 indicative of the positions 
of the tip and tail of the tracked instrument relative to the desired offset 
position. As shown e^ in Figs. 21A, slider bar icon 2036 presents iconic 
representations of the relative positions of both the tip 2038 (upper track) and 
the instrument tail 2040 (lower track) of distractor 2050 (See Fig. 20A) with 
respect to the offset position representation 2042. Slider bar icon 2036 
provides a convenient, real time assessment of the relative positions while the 
surgeon is moving the instrument. Icon 2036 preferably presents the relative 
posrtrons ,n enlarged or magnified scope for ease of viewing and increased 
accuracy, and also can include a midline plane representation 2044 The 
additional instructions in system memory 2018 (or in storage device 2026) 
also can include instructions to generate and display in registration with the 
•mage, icons corresponding to one or both of the tip and tail (icon 2046 shown 
«n F,g. 21A represents the instrument tip). Of course, icons other than a slider 
bar-type ,con can be used in accordance with the present invention to display 
the relative position information need for the placement procedure. 

Although not shown, the instructions in system memory 2018 (or in 
storage device 2026) alternatively can provide for the generation and display 
of ,con.c representations of the instrument or representative parts, such as 
the bp and tail, and of the offset position itself, in registration with the 
delayed image and the displayed landmark. One skilled in the art would 
understand, for example, that when the representations of the tip and tail of 
the .nstrument were coincident with the offset position, the surgeon is assured 
of both the correct positioning and alignment of the instrument relative to the 
offset position and the landmark, such as a midline plane. 
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Interbody Fusion Device Placement Procedure 

In accordance with a method consistent with the present invention, an 
appropriate anatomical image of the anatomy to be operated upon is first 
caused to be displayed on a display device. As embodied herein and with 
5 reference to the figures, Figs. 17B and 17C show, respectively, anterior- 

posterior ("A-P") and lateral X-ray images obtained using the apparatus 
shown in 17A. The apparatus shown in 17A includes apparatus 2000 in use 
with the image guided surgical system 100, as depicted schematically in Fig. 
1 , including fluoroscopic device 101 used for obtaining the x-ray images which 
10 can be processed by the image guided surgical system to provide accurate A- 

P and lateral images. The Fig. 17A apparatus also includes a dynamic 
reference array 150 attached to the spine of the patient which can be sensed 
by sensor 130 (not shown in Fig. 17A). The image guided surgical system 
"knows" the relative location of the reference array 150 and the fluoroscope 
15 device 101 , and also has the ability to calibrate the images and "learn" the 

characteristics of the image such that it can overlay an icon representing the 
position of tracked surgical instruments onto the calibrated images shown in 
Figs. 17B and 17C during the actual fusion device placement procedure. 
Further, in accordance with the method consistent with the present 
20 invention, the one or more anatomical landmark positions are inputted into the 

image guided surgical system computer. As embodied herein, this step can 
be accomplished by the surgeon in one or the other of two basic ways, 
namely using input device 2010 (or using the system's input device via 
appropriate instructions in memory 201 8 or storage device 2026), or using a 
25 tracked surgical instrument like probe 2020. In the first alternative, the 

surgeon can Input the coordinates of the landmark positions into the 
computer directly, such as using a conventional keyboard, mouse, or light pen 
input device that is suitably interfaced with the image guided surgery system 
computer 120. Fig. 18A is the A-P image corresponding to Fig. 17B with the 
30 points 2012 and 2014 selected and inputted by the surgeon superimposed. 

Fig. 19A shows the alternative route to inputting the landmark positions, 
namely the surgeon using tracked surgical probe 2020 in place of, or as part 
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of. input device 2010 and physically touching the patient's anatomy at the 

locations that he has selected as corresponding to the desired anatomical 

landmark, in this case a midline plane. 

Still further in accordance with the present invention, the method 

includes the step of processing the inputted anatomical landmark positions 
using additional computer instructions that, when executed cause the 
processor to generate and disp.ay a corresponding anatomical landmark on 
the d,splay device and registration with the displayed anatomical image As 
embodied herein, using the inputted landmark positions such as points 2012 
and 2014. computer 120 in each case then would generate midline plane 
2016 that passes through the two points and is parallel to the imaging 
direction when the A-P image was acquired (i.e.. perpendicular to the plane of 
the A-P image). 

The next step in the placement procedure is for the surgeon to select 
and input an offset position corresponding to the desired placement position 
and orientation for the interbody fusion device. The disclosed system allows 
the surgeon to input the desired offset from the midline plane such as by 
keyboard-type input device 2010 or to accept default values based on the 
d.ameter of the interbody device. In this latter respect, the onset position 
values, such as those suggested by the manufacturer, can be previously 
stored in memory 2018 along with appropriate additional instructions to select 
an appropriate value based on an input of the size/diameter of the interbody 
fusion device actually being used by the surgeon. Alternatively, the offset 
position values can be stored along with the additional instructions in storage 
device 2026. 

The next step in the placement procedure device positioning a 
distractor. such as distractor 2050 shown in Fig. 20A. to allow placement of 
the working channel instrument 2052 (Fig. 20B) that will be used to 
automatically guide the other instruments used to prepare the cavity and 
insert the actual interbody fusion device 2032. namely reamer 2054 shown in 
Fig. 20C. tap 2056 shown in Fig. 20D. and implant inserter 2034 shown in Fiq 
20E. 



34 



WO 00/64367 



PCT/US00/10712 



Specifically, Figs. 21 A and 21 B are the respective A-P and lateral 
views showing the surgeon's first attempt to bring distractor 2050 into the 
correct position and alignment with the previously established offset position. 
Because of the tracking ability of the image guided surgery system, the 
position of the distractor (represented by tip icon 2046) can be displayed on 
the A-P view (Fig. 21 A) and line icon 2058 representing the trajectory and 
insertion depth of distractor 2050 can be displayed on the lateral view in Fig. 
21 B. Both the positional and trajectory/orientation representations of the 
distractor, of course, are in registration with the respective images. 

As shown in the Fig. 21 A, the present invention provides computer 
instructions for the generation and displaying the dual track slider bar icon 
2036 for allowing the surgeon to quickly adjust the position and orientation of 
the distractor to achieve the correct position and alignment relative to the 
desired offset position. As seen in Fig. 21 A, at the beginning of this step the 
iconic representations of both the tip position 2038 and tail position 2040 of 
the distractor are not coincident with the selected offset position, as 
represented by the bar element 2044. Figs. 22A and 22B, through 25A and 
25B represent relative positions during movement by the surgeon of the 
distractor to achieve positional and orientation alignment with the desired 
offset location during successive time periods. Note, for example, that in Fig. 
24A the icon tip position 2038 alignment has been achieved with icon offset 
position 2042 but that the icon tail position 2040 alignment has yet to be 
achieved. This would indicate the situation where the tip of the distractor is at 
the desired offset position in the A-P frame of reference but that the axial 
orientation of the distractor is not yet aligned. Fig. 25A shows both tip and tail 
aligned coincident with offset position and parallel to the midline plane. 

The respective lateral views in Figs. 21 B through 25B shows that both 
tip depth and trajectory in the sagittal plane are displayed. This can be 
achieved as a consequence of the dimensions of the various instruments, 
including distractor 2050, being known such that the locations of all points on 
the distractor can be computed and displayed based on the sensor sensing 
the LED or-reflector array 2060 attached to the distractor. Note that in the 
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instruments depicted in Figs. 20A, and Figs. 20C through 20E, the LED array 
2060 is part of a universal attachment-type device 2062 to mount various 
working elements (i.e.. a distractor element, an awl/reamer element, a tap 
element, and an inserter element). See U.S. Patent Application S.N. 
08/971 ,126, of Kevin T. Foley et al.. filed November 20, 1 997 entitled "An 
Image Guided Awl^ap/Screwdriver" for a description of a suitable universal 
attachment device. See also, U.S. Patent Application No. 09/296,251 
(attorney docket no. 06148.0086-00000) of Thomas R. Williams, filed 
concurrently, entitled "Image Guided Universal Tool Adaptor and Method for 
Use With Computer Assisted Image Guided Surgery." and U.S. Patent 
Application No. 08/209,248, filed December 10. 1998, entitled "Image Guided 
Spinal Surgery Guide System and Method for Use Thereof." 

The next step in the placement procedure is the installation of the 
working channel such as working channel 2052 shown in Fig. 20B. Working 
15 channel 2052 is intended to fit over the distractor and has its own LED or 

reflector tracking array 2064. The particular working channel 2052 shown in 
Fig. 20B has a pair of tines 2066 radially spaced from the working channel 
axis 2068 to maintain the distraction provided by the distractor. The image 
guided surgical system 100 can compute and display iconic representations 
of not only the working channel (cylinder 2052A), but also the tines (cross 
hairs 2066A) to provide the desired rotational orientation of the working 
channel as it is entered into the disk space (i.e., tines 2066 should be parallel 
to the end plates of the vertebral bodies). Figs. 26A and 26B through 29A 
and 29B are a series of A-P and lateral x-ray images showing successive 
times during the working channel placement step where the surgeon 
gradually rotates the working channel until the positions of the tines are in the 
desired position parallel to the vertebral end plates, as in Figs. 28A and 28B. 
Figs. 29A and 29B represent the subsequent insertion of the working channel 
2052 to the correct depth, as determined principally by the lateral view in Fig. 
30 29B. 

Figs. 30A and 30B through 34A and 34B represent the subsequent 
steps of reaming, tapping, and placing the interbody fusion device', such as 
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through the use of the instruments shown in 20C, 20D, and 20E operating 
through the in-p!ace working channel 2052 shown in Fig. 20B from which 
distractor 2050 has been removed. Note that the respective lateral views in 
these figures provide the surgeon with an accurate indication of the depth of 
5 not only the reamer and tap instruments, but also of the final placement of the 

interbody fusion device (iconicajly represented by cylinder 2032A in Fig. 34B). 
This latter aspect, of course, is a consequence of computer 120 "knowing" the 
location of all points on implant inserter 2034, including the attached interbody 
fusion device 2032, as a consequence of the known dimensions of the 
10 inserter and interbody fusion device itself. Like the offset position values, the 

dimensions the interbody fusion devices could be stored in memory and 
available to the computer such that, once selected/designated by the surgeon 
via input device 2010 or an input device provided with system 100, the 
required dimensions would be available to the computer 120 to generate the 
15 required coordinate transformations to allow the locations of key points on the 

instrument and interbody fusion device, e.g., the tip and the tail, to be 
generated and iconic representations displayed. 

Fig. 35 is a flow chart summarizing the steps of an interbody fusion 
device placement procedure in accordance with the present invention. In 
20 particular, steps 2080 and 2082 entail, respectively, setting up the image 

v, guided system 100 and acquiring and displaying on monitor 121 the A-P and 
lateral views of the spinal portion of interest. As stated previously, pre- 
acquired images stored in memory 2018 can be used. 

Next, step 2084 is carried out by inputting the coordinates of the 
25 midline via input device 2010 or using a tracked instrument like touch-probe 

2020. Following generation of the midline plane by computer 120 and display 
on monitor 121 in registration with the acquired A-P and lateral images, step 
2086 is accomplished by either inputting the offset position coordinates, such 
as by using input device 2010, or by accepting default values stored in 
30 memory 201 8 (or provided in storage device 2026). 

Next, in step 2088, the surgeon positions a tracked distractor, such as 
distractor 2050 shown in Fig. 20A, at the offset position using the image 
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guided system 100 and the displayed offset position and slider bar icon 2036. 
One or more new lateral images of the distracted anatomy can optionally be 
acquired and displayed at this time by system 100, via steps 2090 and 2092. 
for subsequent use in positioning the working channel. 

In step 2094, a tracked working channel, such as device 2052 (Fig. 
20B), is positioned in the anatomy at the offset position using system 100 and 
the displayed offset position and slider bar icon 2036. The working channel 
positioning step 2094 includes x, y, z positioning, angular, and rotational 
orientation positioning of the working channel, as discussed previously. 

Next, final step 2096 resulting in placement of the interbody fusion 
device is carried out using image guided system 100. Step 2096 includes 
substeps of consecutively positioning a tracked reamer, tap. and inserter, 
such as the instruments shown in Figs. 20C-20E. 

Finally, step 2098 includes repeating steps 2086 through 2096 for 
placement of a fusion device at a corresponding offset position on the 
opposite side of the midline plane, as the devices are usually installed in 
pairs. Of course, rf both right and left offset positions were inputted during 
step 2086, then only steps 2088 through 2096 need to be repeated as 
comprising step 2098. 

The above described apparatus and method significantly extend the 
capabilities and advantages of image guided surgical systems, including 
image guided surgical systems used for image guided interbody fusion device 
placement. It would be apparent to those skilled in the art that various 
modifications and variations can be made to the present invention without 
departing from the scope or spirit of the invention. As stated previously, the 
advantages and benefits of the present invention are not confined to 
interbody fusion device placement surgical procedures although it is of 
particular benefit to that surgical procedure. 

Also, although aspects of the present invention are described as being 
stored in memory, one skilled in the art will appreciate that these aspects can 
also be stored on other types of computer-readable media, such as 
secondary storage devices, like hard disks, floppy disks, or CD-ROM; a 
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carrier wave from the Internet or other propagation medium; or other forms of 
RAM or ROM. 

While this invention has been variously described generally in 

connection with LEDs and camera arrays, it should be recognized that other 
5 tracker elements and corresponding sensor arrays known in the art could be 

used, such as for example sonic, optic, or electromagnetic, as well as optical 

reflectors and a corresponding camera system. 

Other embodiments of the invention will be apparent to those skilled in 

the art from consideration of the specification and practice of the invention 
10 disclosed herein. It is intended that the specification examples be considered 

as exemplary only with the true scope and spirit of the invention being 

indicated by the following claims. 
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WHAT IS CLAIMED : 

1 • Apparatus for use with a surgical system, the system including a 
computer processor, a display device coupled to the processor, and a 
memory associated with the processor and having stored computer 
instructions that, when executed, cause the processor to display on the 
display device a true image corresponding to anatomy on which a surgical 
procedure is to be performed, the apparatus comprising: 

an interface with the processor for inputting one or more anatomical 
landmark positions to the processor; and 

additional computer instructions stored in a memory storage device 
accessible by the processor, said additional instructions when executed 
cause the processor to generate and display an anatomical landmark 
corresponding to said one or more anatomical landmark positions on the 
display device in registration with a displayed image. 

2. The apparatus as in claim 1 wherein the memory device is the 
memory associated with the processor. 

3. The apparatus as in claim 1 wherein the interface is selected 
from the group consisting of a keyboard, a mouse, and a light pen! 

4. The apparatus as in claim 1 wherein the surgical system has an 
input device, and wherein said interface includes input instructions stored in 
said storage device that, when executed, allows the anatomical landmark 
positions to be inputted using the system input device. 

5. The apparatus as in claim 1 wherein the surgical system is an 
image guided surgical system, and wherein said interface includes a trackable 
surgical probe. 

6. The apparatus as in claim 1 wherein said additional computer 
instructions include further instructions that, when executed, cause the 
computer processor to generate and display one or more icons associated 
with said anatomical landmark positions. 

7. The apparatus as in claim 1 wherein the surgical system is an 
image guided surgical system having one or more trackable instruments, and 
wherein said icon indicates the position and orientation of a tracked 
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instrument relative to said anatomical landmark or a location referenced to the 
landmark. 

8. The apparatus as in claim 7 wherein the instrument has a tip 
portion and a tail portion, and wherein said icon indicates both the tip portion 
and tail portion positions relative to said anatomical landmark or a location 
referenced to the landmark. 

9. The apparatus as in claim 7 wherein the instrument has a 
portion radially spaced from an instrument axis, and wherein said icon 
indicates the radial portion angular orientation relative to said anatomical 
landmark or a location referenced to the landmark. 

10. The apparatus as in claim 6 wherein the landmark is a plane. 

1 1 . The apparatus as in claim 6 wherein the surgical system is an 
image guided surgical system having one or more trackabie instruments, 
wherein said anatomical landmark is a plane, and wherein said additional 
instructions include instructions for generating and displaying an icon 
indicating the position and orientation of a tracked instrument relative to said 
plane or a location referenced to the plane. 

12. The apparatus as in claim 1 1 wherein said icon is a slider bar 

icon. 

13. The apparatus as in claim 1 1 wherein the tracked instrument 
has a tip and a tail, and wherein said icon indicates the positions of the tip 
and the tail relative to said plane or to a location referenced to the plane. 

14. The apparatus as in claim 1 wherein the surgical procedure is 
the implantation of an interbody vertebral fusion device, wherein said inputted 
anatomical landmark positions comprise at least two points along a vertebral 
column, and wherein said additional computer instructions cause the 
processor to generate and display a midline plane landmark based on said 
two inputted points. 

1 5. The apparatus as in claim 14 further including instructions for 
generating offset implantation positions relative to said midline plane based 
on inputted offset position values. 
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16. The apparatus as in claim 15 wherein said offset positions are 
stored in the storage device and correspond to interbody fusion device 
manufacturers recommended placement positions. 

17. Apparatus for use in an interbody fusion device placement 
surgical procedure, the apparatus for use with an image guided surgical 
system, the system including a computer processor, a display device coupled 
to the processor, and a memory associated with the processor and having 
stored computer instructions that, when executed, cause the processor to 
display on the display device A-P and lateral images corresponding to the 
portion of a spine on which the placement procedure is to be performed, the 
apparatus comprising: 

an interface for inputting one or more positions to the processor, said 
positions corresponding to a midline plane landmark; and 

additional computer instructions stored in the memory that, when 
executed, cause the processor to generate and display on the display device 
in registration with at least one of the displayed A-P and lateral images, a 
midline plane corresponding to said one or more positions. 

18. The apparatus as in claim 17 wherein the interface is selected 
from the group consisting of a keyboard, a mouse, and a light pen. 

20 19. The apparatus as in claim 17 wherein the interface is a 

trackable surgical instrument. 

20. The apparatus as in claim 1 7 further including one or more 
trackable surgical instruments, wherein said memory contains further 
instructions that, when executed, cause the processor to generate and 
display an icon representative of the position and orientation of said trackable 
instrument relative to the midline plane or an offset position location 
referenced to the midline plane. 

21 . A method of performing surgery on an anatomy using an image- 
based surgical system having a computer processor, a display device coupled 
to the processor, a memory associated with the processor having instructions 
that, when executed, cause an anatomical image to be displayed on the 
display device, the method comprising the steps of: 
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displaying on the display device an anatomical image representative of 
the anatomy; 

inputting into the computer processor one or more anatomical 
landmark positions; and 
5 processing said anatomical landmark positions using additional 

computer instructions that, when executed, cause the processor to generate 
and display a corresponding anatomical landmark on the display device in 
registration with the displayed anatomical image. 

22. The method as in claim 21 wherein the inputting step includes 
10 using an input device selected from the group consisting of keyboard, a light 

pen, and a mouse. 

23. The method as in claim 21 wherein the system is an image 
guided surgery system, and wherein the inputting step includes using a 
tracked surgical instrument applied to the anatomy to be operated upon. 

15 24. The method as in claim 21 wherein the system is an image 

guided surgery system and includes one or more trackable surgical 
instruments, and wherein the method includes the further step of generating 
and displaying on the display device, an icon representing the position and 
orientation of a tracked instrument relative to the anatomical landmark or a 

20 location referenced to the landmark. 

25. The method as in claim 24 wherein the tracked instrument has a 
tip and a tail, and wherein the icon generating and displaying step includes 
generating and displaying an icon representing the positions of both the tip 
and the tail relative to the anatomical landmark or a location referenced to the 

25 landmark. 

26. The method as in claim 24 wherein the tracked instrument has a 
portion radially spaced from an instrument axis, and wherein the method 
includes the further step of generating and displaying on the display device, 
an icon representing the rotational orientation of the radial portion relative to 

30 the anatomical landmark or a location referenced to the landmark. 
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27. The method as in claim 21 wherein the surgery includes 
placement of an interbody fusion device and the processing step includes the 
step of generating and displaying a midline plane landmark. 

28. The method as in claim 27 including the step of further inputting 
5 an offset position location referenced relative to the midline plane. 

29. The method as in claim 28 wherein the computer memory 
includes stored offset position values, wherein the further inputting step 
includes the step of defaulting to a stored offset position and generating an 
offset position referenced to the midline plane based on the default value. 

10 30 - ^ method as in claim 27 wherein the image-based surgical 

system is an image guided surgical system and includes one or more 
trackable surgical instruments, and wherein the method includes the further 
step of generating and displaying on the display device, an icon representing 
the position and orientation of a tracked instrument relative to the midline 

15 plane or a location referenced to the landmark. 

31 . The method as in claim 28 wherein the image-based surgical 
system is an image guided surgical system and includes one or more 
trackable surgical instruments, and wherein the method includes the further 
step of generating and displaying on the display device, an icon representing 
the position and orientation of a tracked instrument relative to the offset 
position location. 

32. The method as in claim 31 wherein the tracked instrument has a 
tip and a tail, and the icon generating and displaying step includes generating 
and displaying an icon representing the positions of both the tip and the tail 

25 relative to the offset position location. 

33. The method as in claim 32 wherein the icon also represents the 
positions of the tip and tail relative to the midline plane. 

34. The method as in claim 32 wherein the icon is a slider-bar. 

35. The method as in claim 31 wherein the tracked instrument has a 
portion radially spaced from an instrument axis, and wherein the method 
includes the step of generating and displaying on the display device, an icon 



20 



30 



44 



BNSDOCID: <«rO 00e4367AU_> 



PCT/US00/10712 

WO 00/64367 

representing the rotational orientation of the radial portion relative to the offset 
position. 




WO 00/64367 



PCT/USOO/10712 



1/47 




SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO____0064367A1J_> 



WO 00/64367 



PCT/US00/10712 



3/47 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 00B4367At_L> 



WO 00/64367 



PCT/US00/10712 



4/47 




CP, 



O 1 1 1 

±r CD 

CO I | 

Q QC'iij LI- 
ZD fH 2 D 
O 



a: 



O DC — O 

O -=» CO > 









cd-^ 

. 


Q 

LU 






Qd 






CO 
LU 






O 






LU . 






CD 


•1 




CD . 






■ 


- 1 




a: 






LU 






CO 


















o 






o 





CD 



LU ^ 

■§§! 

LU LU — 

PElu"- 
LU <c <c 
zd — S2 

:S lu 
EE to 

CO 



LU 

|§ LU 

*— Lu h— 

aLUCQ- > 
CQX-r O - 

gS^I 

== w uj <*> 

J" a: lu 13 

^ CD CJ> 

a: "~ 

ZD 

Q 




'■>t 



CD 



dp cc! 
o ^ cd e> 

CO.Z CD CO 
uj rS <c co 

cr> ^ ^ lu 

<< H- — O 

— ^ o q: 
i— o a: . 



SUBSTITUTE SHEET (RULE 26) 

BNSOCC1D: <W O 0064367 A 1 » > 



WO 00/64367 



PCT/USOO/10712 



5/47 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 0064367A1 _|_> 



WO 00/64367 



PCT/US00/I0712 



: .1 6/47 

■"-■■i 




e> 



| SUBSTITUTE SHEET (RULE 26) 

! 



BNSOOCID: <WQ 0064367 A 1 I > 



WO 00/64367 



7/47 



PCT/USOO/10712 




WO 00/64367 



PCT/US00/1O7I2 




BNSDOCID: <WO 0064367At_l_> 



WO 00/64367 



PCT/US0O/1O7I2 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WQ 0064367At J_> 



BNSDOCM>. <WO 0064367A1 J_> 



WO 00/64367 



PCTAJSOO/10712 




0064367A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 00/64367 



PCTAJSOO/10712 



14/47 



BEGIN 



1101 



1102- 



1103- 



1104 



PHYSICIAN HOLDS SURGICAL 
INSTRUMENT TO DEFINE 
VIRTUAL CONE 






COMPUTER 120 L( 
OF SURGICAL 


3CATES POSITION 
INSTRUMENT. 



COMPUTER 120 PROJECTS MOVEMENT 
OF THE SURGICAL INSTRUMENT 
INTO PREVIOUSLY ACQUIRED IMAGE 








AT PHYSICIAN'S C 
THE POSTION OF T 
IMAGE AS THE PLA 


OMMAND, FREEZE 
HE INSTRUMENT IN 
NNED TRAJECTORY 



END 



FIG. 11 



SUBSTITUTE SHEET (RULE 26) 



BNSOOClft <WO_ 




SUBSTITUTE SHEET (RULE 26) 

\ *«D0OD:<WQ 0064367A1J_> 



,v .-.-coxae:: 



WO 00/64367 PCIYUSOO/10712 



16/47 




WO 00/64367 



PCT/USOO/10712 



17/47 




WO 00/64367 



PCT/USOO/107I2 



18/47 



1301 



1 



BEGIN BONE 
REALIGNMENT 



PLACE TRACKING SENSOR MARKER 
ON EACH BONE FRAGMENT 



1302 



M 



ACQUIRE FLUOROSCOPIC 
IMAGES 



1 303 



1 



OBTAIN POSITIONAL LOCATION INFORMATION 
; AND CALIBRATE ACQUIRED IMAGE 



1305 



DELINEATE BOUNDARIES OF BONE 
FRAGMENTS IN THE ACQUIRED IMAGES 



OBTAIN CORRESPONDENCE BETWEEN 
IMAGE CONTOURS AND BONE FRAGMENTS 



1306 



PHYSICIAN MOVES THE BONE FRAGMENT 
HAVING THE DYNAMIC REFERENCE MARKER 



1307- 



CALCULATE AND DISPLAY THE NEW 
POSITION OF THE BONE FRAGMENT 



•1304 



DURING SURGICAL 
NAVIGATION 



FIG. 13 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <W O 0 064367AT t > 



WO 00/64367 



PCTAJSOO/I07I2 



19/47 




WO 00/64367 



PCT/US00/10712 



20/47 




WO 00/64367 



PCIYUS0O/IO712 



21/47 




WO 00/64367 



PCT/USOO/10712 



22/47 




O 



0Q 

V) 



SUBSTITUTE SHEET (RULE 26) 



_0064367A1J_> 



WO 00/64367 



PCT/US00/10712 



23/47 




CD 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO O064367A1_ L > 



WO 00/64367 



PCT/USOO/10712 



24/47 




WO 00/64367 



PCT/USOO/10712 



25/47 




CD 
EC 

SUBSTITUTE SHEET (RULE 26) 

BNS0OC1D: <WO 0064367A1_L> 



WO 00/64367 PCT/US00/10712 




WO 00/64367 



PCT/US00/10712 



27/47 




SUBSTITUTE SHEET (RULE 26) 

BNSOCCID: <WO___0064367A1J_> 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCICh <WO 0064367At_L> 



WO 00/64367 



PCT/US00/10712 



29/47 




SUBSTITUTE SHEET (RULE 26) 

BNSDOOD: <WO 0064367A1J_> 



WO 00/64367 



PCT/USOO/10712 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCJD: <WO 0064367A1J_> 




SUBSTITUTE SHEET (RULE 26) 



BMSOOCtCk <WO 0064367At J_> 



WO 00/64367 



PCT/US00/10712 



33/47 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCIO: <WO 0064367A1J_> 



WO 00/64367 PCT/US00/1 071 2 



35/47 




SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO 0064367A1_L> 



WO 00/64367 



PCTAJS00/10712 



36/47 




SUBSTITUTE SHEET (RULE 26) 



BNSOOCtO: <WO 0064367A t _l_> 



WO 00/64367 



PCT/US00/10712 



37/47 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 0064367A1J_> 



WO 00/64367 



PCTAJS00/10712 



38/47 




SUBSTITUTE SHEET (RULE 26) 



BMSOOOD: <WO 0064367A1J_> 




BNSDOOD: <WO 0064367A1 J_> 



WO 00/64367 



PCTAJSOO/10712 




SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <W O 0064367M„1_> 




BNSDOCJD: <WO____0064367Al_l_> 



8NSDOCID: <WO 0064367 A J J_> 



SUBSTITUTE SHEET (RULE 26) 



1 * 




SUBSTITUTE SHEET (RULE 26) 



BNSOOaDi <WO 00G4367A1_I_> 



8NS0OC1D: <WO 006X367A t J_> 



SUBSTITUTE SHEET (RULE 26) 




i 

| SUBSTITUTE SHEET (RULE 26) 

i 

! BNSDOCtD: <WO 0064367A1 J_> 



WO 00/64367 



PCT/USOO/10712 



47/47 

I 



SET UP IMAGE GUIDED SYSTEM 
I ~ 



-2080 



ACQUIRE ANTERIOR/POSTERIOR AND LATERAL IMAGES 



T 



INDICATE MIDLINE POINTS ON AP IMAGE TO DEFINE 
"MIDLINE PLANE" 



INDICATE OFFSET POSITION OR ACCEPT SYSTEM DEFAULTS 



T 



-2082 
2084 



2086 



POSITION THE TRACKED DISTRACTOR IN THE ANATOMY USING 
THE NAVIGATION INFORMATION PROVIDED BY THE SYSTEM 



2088 



DO YOU WANT TO 
ACQUIRE NEW LATERAL VIEW 
J)F THE DISTRACTED ANATOMY^ 
(OPTIONAL) 



2090 



YES 



2092 



ACQUIRE NEW LATERAL 
IMAGES OF THE DISTRACTED 
ANATOMY, IF DESIRED 



POSITION TRACKED WORKING CHANNLE USING THE 
NAVIGATION INFORMATION PROVIDED BY THE SYSTEM 



T 



POSITION THE TRACKED REAMER, TAP, AND IMPLANT 
INSERTER USING THE NAVIGATION INFORMATION PROVIDED BY 

THE SYSTEM 



I 



-2096 



GO TO STEP 5 AND REPEAT FOR OPPOSITE SIDE 



T 



2098 



Cm) FIG. 35 



SUBSTITUTE SHEET (RULE 26) 



BNSOOC1D-. <WO 0064367A1J_> 



INTERNATIONAL SEARCH REPORT 



A. (XASSF1CAT10N OF SUBJECT MATTER 

IPC 7 A61B19/00 



According to International Patera Classification (IPC) or to both national dassification and IPC 



tati Aortal Application Ho 

PCT/US 00/10712 



a RELDS SEARCHED 



Mnimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bectronic data base consulted during the 

EPO-Internal 



international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Gtation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



US 5 868 675 A (UHL JEAN-FRANCOIS ET AL) 
9 February 1999 (1999-02-09) 
column 3, line 20 - line 40 

line 55 -column 4, line 21 
line 28 -column 6, line 15; 



1-20 



column 3, 
column 5, 
figure 1 



US 5 695 501 A (CAROL MARK ET AL) 

9 December 1997 (1997-12-09) 

column 12, line 52 -column 13, line 20 

US 5 848 967 A (COSMAN ERIC R) 
15 December 1998 (1998-12-15) 
column 7, line 58 -column 9, line 65; 
figures 5-7 

-/- 



1 

8,9 



Further documents are li 



of box C. 



Patent family members are fisted in annex. 



" Special categories of cited documents :■ - .. 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but pubfished on or after the international 

fifing date 

V document which may throw doubts on priority cfaimfs) or 
which is cited to establish the publication date of another 
citation or either special reason (as specified) 

*0* document referring to an oral disclosure, use. exhibition or 
other means 

*P* document pubfished prior to the intemarJonal filing date but 
later than the priority date d aimed 



T later document published after the international filing date 
or priority date and not in contfid with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with on© or more other such docu- 
ments, such combination being obviocts to a person skiied 
in (he ait 

*&* document member of the same patent famfly 



Date of the actual completion of the international search 



16 August 2000 



Date of maifing of the international search report 



23/08/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patertdaan 2 
NL - 2280 HV Rijswi* 
Tel. <+31-70) 340-2040. Tx. 31 651 epo rt. 
Fax: (+31 -70) 340-3016 



Authorized officer 



Moers, R 



Form PCT/1SA/210 (sooond short) (Aiy 1992} 



page 1 of 2 



BNSDOaD: <WO_ 



_0064367A1J_> 



■ I 



INTERNATIONAL SEARCH REPORT 



^(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT ' 



intt. donal Application No 

PCT/US 00/10712 



Citation of document, with intfcatioawhero appropriate, of the relevant 



US 5 622 170 A (SCHULZ WALDEAN A) 
22 April 1997 (1997-04-22) 
column 12, line 26 -column 14, line 13- 
figures 2,3 

US 5 799 055 A (PESHKIN MICHAEL A ET AL) 
25 August 1998 (1998-08-25) 
column 7, line 24 -column 8, line 56: 
figure 1 



US 5 776 064 A (STEINER CHARLES P 
7 July 1998 (1998-07-07) 
abstract 



ET AL) 



W0 96 11624 A (BUCHOLZ RICHARD D ;BASS 
DANIEL (US); FOLEY KEVIN T (US); POPE 
TODD) 25 April 1996 (1996-04-25) 
abstract; figure 11 



Relevant to daim No. 



14-20 

1.17 
1.17 



Fom» PCT/7SA/210 (oortnuaoon ol soocod shoot) (Jtiy 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family mem bora 



PCT/US 00/10712 



Patent MA/strnAn4 




Pifc&cation 




Patent family 


Publication 


cited in search report 




date 




members) 


date 


US 5868675 


A 


09-02-1999 


FR 


2652928 A 


12-04-1991 






AT 


126995 T 


15-09-1995 






CA 


2067209 A 


06-04-1991 






DE 


69022063 D 


05-10-1995 






DE 


69022063 T 


13-06-1996 






OK 


494943 T 


29-01-1996 






EP 


0494943 A 


22-07-1992 






ES 


2080161 T 


01-02-1996 






WO 


9104711 A 


18-04-1991 






JP 


2966089 B 


25-10-1999 






JP 


5500911 T 


25-02-1993 


US 5695501 


A 


09-12-1997 


AU 


3760895 A 


26-04-1996 






BR 


9509214 A 


28-10-1997 






EP 


0783279 A 


16-07-1997 






WO 


9610368 A 


11-04-1996 






US 


5891157 A 


06-04-1999 






US 


6071288 A 


06-06-2000 


US 5848967 


A 


15-12-1998 


US 


5662111 A 


02-09-1997 






US 


6006126 A 


21-12-1999 


US 5622170 


A 


22-04-1997 


US 


5383454 A 


24-01-1995 






US 


5987349 A 


16-11-1999 






AU 


6666894 A 


08-11-1994 






CA 


2161126 A 


27-10-1994 






EP 


0700269 A 


13-03-1996 






IL 


109385 A 


10-03-1998 






JP 


8509144 T 


01-10-1996 






WO 


9423647 A 


27-10-1994 






ZA 


9402812 A 


22-11-1995 






US 


6076008 A 


13-06-2000 






US 


5891034 A 


06-04-1999 






AU 


8876391 A 


20-05-1992 






CA 


2094251 A,C 


20-04-1992 






DE 


9117261 U 


06-08-1998 






EP 


0553246 A 


04-08-1993 






EP 


0931516 A 


28-07-1999 






SE 


9301262 A 


18-06-1993 






WO 


9206645 A 


30-04-1992 






US 


5851183 A 


22-12-1998 


US 5799055 


A 


25-08-1998 


AU 


3066497 A 


05-12-1997 






CA 


2255041 A 


20-11-1997 






EP 


0955935 A 


17-11-1999 






US 


6069932 A 


30-05-2000 






WO 


9742898 A 


20-11-1997 


US 5776064 


A 


07-07-1998 


US 


5517990 A 


21-05-1996 






US 


5309913 A 


10-05-1994 






EP 


0676178 A 


11-10-1995 






JP 


8052115 A 


27-02-1996 






US 


5732703 A 


31-03-1998 






OE 


69318944 D 


09-07-1998 






DE 


69318944 T 


01-10-1998 






EP 


0600610 A 


08-06-1994 






JP 


7148180 A 


13-06-1995 



R«n PCTflSACtO (patant tarrfy anran) <Jiiy 1992) 



page 1 of 2 



BNSOOCtD: <WO_ 



_0064367A1_I_> 



INTERNATIONAL SEARCH REPORT 

Information on patent family member* 



lm. jtfonal Application No 

PCT/US 00/10712 



Patent document 
cited in search report 



Publication 
'Sate 



Patent tamity 
members) 



Publcation 
date 



WO 9611624 



25-04-1996 



AU 
CA 
DE 
EP 
EP 



3950595 A 
2201877 A 
29521895 U 
0869745 A 
0950379 A 



06-05-1996 
25-04-1996 
10-09-1998 
14-10-1998 
20-10-1999 



Pom PCX/TSA/210 (patent tonly annex) {Sty 1992) 



page 2 of 2 



BNSOOCia <WO 0064367A1_I_> 



